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DESCRIPTION 
MULTIAXIAL UNIVERSAL TESTING MACHINE 

BACKGROUND OP THE INVENTION 

The present invention relates generally to 
universal testing machines and more specifically to methods 
for applying a multiaxial load to a planar test specimen. 
Actually, tliere is no equipment capable to evaluate some 
behaviour parameters, like tensile, compression or fatigue, 
in different directions simultaneously. As alternative, the 
evaluation of these characteristics has been done resorting 
to the unidirectional dynamometer, doing the assays only in 
one direction or successively in each direction. In this 
case the results don't give any indication about the 
interaction of the multiaxial forces. 

In known testing machines of that kind, we 
observe a frame with an upper transverse member and a base 
transverse member as well as two interconnecting guide 
pillars in way to tensile compression and beading testing 
operations. A central transverse member is displaceable 
along . the guide pillars, while testing devices can be 
connected between upper and base members and/ or between 
central and base members. The central member is connected 
to cylinder bodies enclosing the guide pillars (UK Patent 
Application GB 2276949 A) . Because the machine only has one 
axis, we only can perform uniaxial testing operations, 
which is the great disadvantage of this machine. 
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Furthermore, only one member can be moved, while the others 
are static. 

Others devices actually can perform biaxial 
testing operations. The Biaxial Testing Apparatus (United 
States Patent N° 5905205) concerns a rhombus -shaped four- 
bar linkage that is attached at one vertex to a fixed 
attachment point and a uniaxial tensile force is applied to 
the opposite vertex. The test specimen is placed inside the 
four-bar linkage and is attached to the four-bar linkage by 
load transfer members connected at one end to the links of 
the four-bar linkage and at their other end to the gripping 
jaws holding the testing specimen. The application of the 
uniaxial tensile force then produces a biaxial tensile 
force in the test specimen. The particular disadvantage of 
this approach is the restriction imposed by the physical 
structure of the device, hindering others testing 
configurations for beyond the biaxial testing. 



SUMMARY OF THE INVENTION 

In accordance with the foregoing principles and 
objects of the present invention, a novel machine and 
method for applying a multiaxial stress is described. The 
idea of this invention is based on the evaluation of the 
mechanical behaviour and performance of materials with 
planar structures under simultaneous multi-directional 
loads, with a wide variety of operation combinations. 
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The TexTest equipment comprises an octagonal 
prismatic central block, working as a supporting structure, 
where 8 platforms are rigidly attached in a radial 
orientation. Each platform is the bed for an tt arm" , 
responsible for applying a force and displacement to one of 
the 8 jaws where the specimen is attached. Each one of 
these 8 "arms" is made up of an electric actuator with 
speed reducer, coupled to a linear drive, in series with a 
load cell and a gripping jaw. 

The rotational movement of the motor is converted 
into linear displacement of the jaw. The geared motor is 
responsible for low speed rotary motion and high torque, 
which is turned into linear displacement and force applied 
to the jaw. The main advantage of this mechanical solution 
is an overall axial alignment of the linear drive with the 
applied force, thus eliminating any undesirable bending 
moments. Furthermore the motor is equipped with a 
rotational encoder which gives the information to the 
electronic drive about the rotor position counting the 
number of rotations. With this information is possible to 
control accurately the rotor position and consequently the 
respective gripping jaw displacement. 

The load cell is the transducer that converts the 
physical value of the force applied to test specimen into 
an electric signal that can be digitalised and acquired by 
the data acquisition system incorporated in the computer 
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controlled system. As it can only work under uni -axial 
stress, a pivoted coupling was provided. 

The jaw is responsible for grabbing the test 
specimen by friction, therefore eliminating any slipping 
from the jaw. The gripping load is applied by a manually 
driven screw handle, therefore simplifying the design and 
eliminating any need for pneumatic pressure or complex and 
heavy electric actuators. In the interest of cleanliness, 
hydraulics has always been ruled out. 

A slide carriage supports each jaw that can 
travel along a linear dry bearing, responsible for the 
' correct alignment of the test specimen displacement. 

The interface between the machine and the 
operator is done by a PC, working with specific software 
developed by the research team. This software comprises a 
set of menus to guide the user in an objective way, showing 
him, step by step, the different options he can take. The 
user program can be divided in four parts: configuration, 
monitoring, results and calibration. Thus, the program 
allows the configuration of new assays (or gets stoared 
assays) and the real time visualization of parameters 
evolution during the assay. All the testing results are 
presented in a graphical mode and the values of the 
measured force, elongation and extension characteristics 
are also depicted. These results are also available on a 
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report sheet that includes data regarding testing machine 
settings (pre-load, testing speed, gauge, elongation and 
force ranges) and identification headers. The statistical 
treatment of data results is also provided by the program, 
including it on the report sheets. However, these results 
can also be treated using other statistical software tools. 



BRIEF DESCRIPTION OP THE DRAWINGS 

The present invention will be more clearly 
understood from a reading of the following detailed 
description in conjunction with the accompanying drawings 
wherein: 

Fig.l is an upper view of the testing machine. 

Fig. 2 is a side view of the testing machine. 

Fig. 3 is an exploited view from an "arm" of the 
testing machine. This image only shows one "arm" because 
the others have the same structure. 

DETAILED DESCRIPTION 

The testing machine shown in the drawings was 
designed to carry out a very wide range of different kinds 
of testing operators, such as for example tensile, 
compression or fatigue, on materials with planar 
structures, such as fabrics, composites and laminates. 
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Referring now to FIG.l of the drawings, there is 
shown a global upper view of the testing machine, where is 
evident the octagonal shape of the central block "7 , due to 
the 8 mid-axis of the system, decreasing the encumbrance 
and making easier the operator access. This central block 
is the main support of the machine and where the flanges 2 
are attached. The flanges 2 were designed to decrease the 
amount of material used in its construction and to make 
easier the access to the central area to placement of the 
test specimen. 

FIG. 2 is a side view of the testing machine, 
showing another view of the central block 7, which is 
supported by 4 anti -vibration mounts 10 to regulate the 
machine levelling and to stabilize the central block 7. To 
attach the mounts 10 to the central block 7 are used angle 
steel 9 with standard dimensions . 

Referring to FIG. 3 it is possible to see an 
exploited view of one "arm" allowing a detailed observation 
of all components of the "arm" . Each flange 2 functions as 
the basis of each "arm", supporting its components. An 
"arm" is composed firstly by a geared motor 1 to allow the 
necessary torque at low rotations . The connection between 
the geared motor 1 and the screw type linear dr:Lve 3 is 
done by spindles joint 8, selected considering the diameter 
and the maximum torque supported by the screw type linear 
drive. The screw type linear drive 3 is a mechanism to 
transform a rotational movement (from the motor?) in a 
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linear displacement (to the gripping jaw) , so the 
displacement sense of the gripping jaw only depends of the 
sense rotation of the motor. The screw type linear drive 3 
was chose to get an axial alignment with the applied force, 
eliminating flectional moments. Its connection to the 
flange 2 is done by 2 supports 12, with the height 
necessary to keep the spindles alignment. On the other end 
of the screw type linear drive 3 it was placed an 
articulation head 13 linked to a clevis 15 by a stud 14. 
This set is used to minimize the negatives consequences of 
possible horizontal misalignments. The clevis 15 is 
prepared to connect to the load cell 4, which is the 
responsible to convert the force value applied to test 
specimen in an electric value in order to be acquired and 
processed by the control system. To finish the "arm" 
constitution only remain to refer the gripping jaw 6, 
linked to the load cell 4 by an element 16 designed to fit 
correctly in the joined elements. The gripping jaw 6 is 
manually screwed and the mordant of the gripping jaw can be 
replaced by others with different shapes and different test 
specimen contact surfaces, specifically to the test 
specimen material. Independently the mordant, it must 
guarantee the friction with the test specimen, proportional 
to the screw force, impeding any slipping. The gripping jaw 
6 seats on a piece 17 designed to attach correctly the 
gripping jaw 6 to a non lubricated slide carriage 11, which 
moves on a slide rail 5. This set, composed by the slide 
carriage 11 and the slide rail 5, forms the guidance of the 
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gripping jaw 6, driving it according to the "arm" 
direction. 

As referred, all "arms" are independent from each 
other, what means that only work the necessary "arms" to 
the desired kind of assay. The placement of the test 
specimen is done by holding its extremities in the gripping 
jaw mordents. Obviously the test specimen shape must be 
defined according to the kind of assay to perform. 

All the assay configurations depend practically 
on the design of the control software, because the designed 
physical structure allows total freedom at this point. 



